Diagnostic value of Gram stain and culture of sputum and endotracheal aspirates in bacteremic pneumococcal pneumonia  by Chuard, Christian & Reller, L. Barth
106 Clinical Microbio logy and Infection, Volume 5 Number  2, February 1999 
ethidium bromide, the gel was visualized by UV trans- 
illumination. 
RESULTS AND DISCUSSION 
Except for the positive control, none of the 64 samples 
was positive for HRV-5. This result suggests that HRV- 
5 is not implicated in the pathogenesis of either primary 
or secondary Sjogren’s syndrome. 
Recently, a 933-bp retrovirus sequence amplified 
by reverse transcriptase P C R  has been isolated from the 
saiivary gland of a patient with primary Sjogren’s 
syndrome [6].  
This sequence was a part of a gene containing 
overlapping open reading frames encoding part of the 
protease and reverse transcriptase proteins. 
Phylogenetic analysis showed that this sequence 
was related to type B and type D retroviruses and came 
from an exogenous retrovirus designated HRV-5. This 
preliminary result suggested that HRV-5 may be 
associated with Sjogren’s syndrome. 
Our study provides no evidence that HRV-5 is 
involved in the etiology of primary or secondary 
Sjogren’s syndrome. Further studies are needed to 
investigate a pathogenic role for HRV-5, its epidemio- 
logy and its role in other human diseases. 
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The presumptive etiologic diagnosis of pneumonia 
is based on epidemiologic, clinical, radiologic and 
laboratory data. The microbiological examination of 
bronchoalveolar exudate may be done on sputum or 
endotracheal secretion aspirates (ETSAs), which are 
relatively easy to obtain. Gram stains of sputum or 
ETSAs are advocated to aid selection of initial narrow- 
spectrum antimicrobial therapy. The utility of this 
procedure has been emphasized traditionally for the 
diagnosis of pneumococcal pneumonia. There is 
controversy, however, concerning the sensitivity and 
specificity of the Gram stain for presumptively identi- 
fying Streptococcr~s pnerrmoniae. Reported sensitivity has 
varied from 35% to 96% [l-81 and specificity from 13% 
to 85% [2,6,7]. At least three factors contribute to this 
broad range of results. First, the etiologic reference 
standard by which Gram stains have been evaluated in 
most studies, i.e. culture, is subject to criticism. Second, 
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the care given to specimen collection has been highly 
variable. Third, multiple criteria for assessing Grani- 
stained smears have been used and strict interpretative 
criteria have either not been applied or not been clearly 
reported. Even more controversial are cultures of 
respiratory speciniens [ 1,8-I 11. False-positive cultures 
owing to pneumococci belonging to the normal 
oropharyngeal flora often occur. False-negative results 
are also possible when specimens are not processed 
rapidly, since S. prieuinoniae is very fragile. As with 
Gram stains, sensitivity and specificity of culture results 
depend on specimen collection, transport, work-up, 
and reporting. 
We sought to assess the actual diagnostic value of 
sp~ tun i  and ETSA Gram stain and culture for pneumo- 
coccal pneumonia. We based our evaluation on cases 
diagnosed unequivocally by positive blood culture for 
S. prwttrnoriiae. No unusual care was given to specimen 
collection and transport. We used and report strict 
interpretative criteria for the microbiological investi- 
ga ti om. 
Patients were considered to have pneumonia if they 
had: (1) physical signs and symptoms of an acute 
infectious process involving the lung, and (2) new or 
changing infiltrates on chest radiograph. Patients for 
whom blood cultures were positive for S.  przeuinoniae 
were considered to have pneumococcal pneumonia. 
We firther identified patients who had Gram stains and 
cultures of sputum or ETSA less than 48 h before or 
less than 24 h after having a blood culture that yielded 
S. pncuniortiat~. ETSAs came from intubated patients or 
patients with tracheotomy. Specimens were collected 
by nurses and sent to the niicrobiology laboratory by 
regular hospital transport; they were processed if they 
arrived in the laboratory within 24 h after collection. 
Gram-stained smears were made by experienced medical 
technologists. Numbers of squamous epithelial cells 
(SECs) were read as either 110 or > l O  per low-power 
(x 1 UO) field (LPF). Numbers of polymorphonuclear 
leukocytes (PMLs) were read as few (510 per LPF), 
moderate (11-11 per LPF), or heavy (215 per LPF). 
The frequency of occurrence of each bacterial morph- 
ology was recorded as rare (<1 per oil-immersion 
( ~ 1 0 0 0 )  field (OIF)), 1+ (1-4 per OIF) ,  2+ (5-9 per 
OIF), 3+ (10-34 per OIF), or 4+ (225 per OIF). 
Sputum and ETSAs with 110 SECs per LI'F were 
considered to be adequate for Gram stain report and for 
culture, whereas those with > l o  SECs per LPF were 
rejected. Plates (5% sheep blood, Columbia with 
colistin and nalidixic acid, MacConkey and chocolate 
agars) were incubated for 48 h in 5% COs and read after 
34 h and 48 h. Culture results were quantitated by 
organism as rare (I 10 colonies per plate) or as 1 + (> 10 
colonies in the first quadrant) to 1+ (>I0  colonies 
in the fourth quadrant). Streptococci other than S. 
pnetrrnorziue, coagulase-negative staphylococci, yeasts, 
Ncisseria spp. and diphtheroids were considered to be 
normal oropharyngeal flora. Potential pathogens were 
considered to be significant and identified if they were 
in pure culture o r  in moderate to high numbers (3 
or 4+). Otherwise, they were included in normal flora. 
S.  przrrrrnoitiae was identified by the bile solubility test. 
Seventy-two bacteremic pneuniococcal pneuriionias 
were diagnosed in 70 patients. Their mean age was 18 
years (range 1-91); 39 (56%) were males. Sixty-five 
(90%) episodes were community-acquired. Disorders 
predisposing to pneumonia were identified in 57 
(8 1%) patients, mostly malignancies (1 3 cases) and HIV 
infections (12 cases). Respiratory specimens were sent 
to the microbiology laboratory in 50 (69%) cases; 35 
(70"h) of the specimens were sputum and 15 (30%) 
were ETSAs. The mean time from specimen collection 
to processing was 5.1 h (range 0.9-17.7). In 11 (2%) 
cases, sputum or ETSA was obtained after patients had 
received antibiotics for less than 34 h. Thirty-eight 
(76%) respiratory specimens were considered to be 
adequate for Gram stain report and culture (66% of 
sputum and 100% of ETSAs; P=O.Ol). This subgroup 
accounted for 53% of all cases of bacteremic pneuino- 
coccal pneumonia. 
According to the numbers and types of niicro- 
organisms present on Gram stain, specimens were 
classified into three categories. 
C u t p r y  I: Gram stains showing Gram-positive cocci 
in pairs and chains in pure culture or as predomindnt 
(3-1+) flora; they were considered to be suggestive 
of S.  pricuntoniue. Eighteen (47"/0) stains (eight pure 
cultures and 10 predominant flora) were in this 
category. 
Category 11: Gram stains showing other niorphotypes 
in pure culture or as predominant flora; they were 
suggestive of a pathogen other than S. prwnrnoniae. 
We found such misleading results in four (1 1 (%) cases 
(two Gram-positive cocci in clusters and two Gran- 
negative rods). 
Category III:  Gram stains showing no or rare 
organisms, or mixed flora with a predominant 
morphotype; they were not suggestive of a specific 
organism. Sixteen patients (41%) belonged to this 
category. 
Thus, the Gram stain was potentially helpful in selecting 
therapy in 47% of the patients with pneuniococcal 
pneumonia who could produce good-quality sputum 
or had ETSA, 36% of the patients from whom a 
respiratory specimen was obtained, and 25% of all 
patients with bacteremic pneumococcal pneumonia, 
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No difference was found between sputum and ETSA 
with regard to the proportion of specimens belonging 
to category I (43% of sputum versus 53% of-ETSAs; 
P = 0.67). 
Fifteen cultures (39%) grew pneumococci as the 
sole pathogen (10 cases) or as the predominant (3-4) 
flora (five cases) and were reported as being positive for 
S. pneumoniue. This percentage was higher in Gram 
stain category I (61%) than in categories I1 and I11 (25% 
and 0%, respectively). Three of the four cases with 
misleading Gram stains grew normal flora. One or 
several other potential pathogens were found in sputum 
in seven cases (19%), but none of them was recovered 
from blood. Thus, culture was positive for S. pr-leu- 
nioniac in 39% of the patients with pneumococcal 
pneumonia who could produce good-quality sputum 
or had ETSA, 30% of the patients from whom a 
respiratory specimen was obtained, and 21% of all those 
with bacteremic pneumococcal pneumonia. 
The incidence of pneumococcal pneumonia is 
one to five cases per 1000 population per year, and 
bacteremia is detected in 2544% of cases [15,16]. 
Gram stain and culture of sputum or ETSA constitute 
the mainstay for obtaining an etiologic diagnosis when 
blood cultures are negative. Pitfalls, however, abound. 
The first difficulty comes in obtaining a good-quality 
respiratory specimen. Neither sputum nor ETSA was 
obtained in 31% of the cases; this was especially true 
for pediatric and elderly patients. Another 16% of our 
patients produced sputum that was heavily contaminated 
with saliva. Better instruction and closer supervision of 
patients during sputum collection may improve the 
yield of the procedure. Among 38 good-quality sputum 
and ETSA specimens, Gram stains suggestive of S.  
ptiei4moniae as the sole pathogen were found in 18 cases 
(47%). When two or more morphotypes are present in 
similar quantities, interpretation of the Gram stain is 
difficult, and such specimens are not useful to the 
clinician wishing to select narrow-spectrum therapy. 
When ETSA was compared with sputum, its quality 
was more often satisfactory, but a good-quality ETSA 
was not more likely to be suggestive of S. pnertmortiue 
than a good-quality sputum. In 11% of the patients 
producing a good-quality specimen the Gram stain was 
misleading. In these cases, selection of an antibiotic 
regimen aimed exclusively at the organisms seen on 
smear would have been ineffective. This underlines the 
fact that microbiology results have a limited meaning 
if not linked to the clinical setting. We think that 
community-acquired pneunionias always should be 
treated with a regimen that is effective against S. 
pneumotziae. Gleckman et al [ 3 ] ,  in a study on com- 
munity-acquired bacteremic pneumonia of diverse 
etiologies, reported Gram stain sensitivity of 85% and 
misleading results in 12% of patients who produced 
good-quality sputum. A possible explanation for their 
better sensitivity is that they collected sputum with 
more care in their prospective study than we did in 
our retrospective series. Our figures probably more 
realistically reflect everyday practice. Among other 
studies of the &agnostic utility of Gram stains in 
assessing the etiology of pneumonia, two [1,4] reported 
sensitivities lower than 50%, whereas most [2,3,5-81 
reported higher values. Few authors, however, have 
addressed the issue of specificity, which is inevitably 
lowered by criteria for Gram stain interpretation that 
favor sensitivity [7]. In one study [6], house staff 
obtained a sensitivity of 9696, but specificity was only 
12%. Such low specificity is unacceptable, since it can 
result in inappropriate therapy. 
Even greater controversy has surrounded the use of 
respiratory cultures to establish the etiology of pneu- 
monia. Culture results are often not available for 48 h 
and have been found to be unreliable. In our study, 
S. priertmortiae was isolated as the predominant organism 
from only 39% of the specimens processed for culture. 
Here again, the difficulty is in finding the right balance 
between sensitivity and specificity. Unfortunately, strong 
advocates of sputum cultures who report sensitivities 
exceeding 75% [1,8,12,14] usually do not state speci- 
ficity values. Several authors have questioned 110,131 or 
even dismissed [9,11] the value of sputum cultures in 
the diagnosis and management of pneumococcal 
pneumonia. Cultures can be especially misleading in 
patients who have received prior therapy [15] or whose 
specimens have been delayed in processing. Our results 
suggest that previous antimicrobial therapy for less than 
24 h decreases the yield of S. prteumoniae both on Gram 
stain and in culture (data not shown). Culture is 
probably most useful when a predominant morphotype 
is seen on Gram stain, enabling confirmation of a 
presumptive diagnosis as well as susceptibility testing. 
In conclusion, sputum and ETSA Gram stain and 
culture had a modest lagnostic value (overall sensitivity 
of 25% for Gram stain and 21% for culture) in patients 
with bactereniic pneumococcal pneumonia in our 
institution. Many patients were unable to produce 
sputum of sufficient quality to be suitable for micro- 
biological processing. Our relatively low sensitivity may 
be explained by real-life conditions for specimen 
processing and transport and by interpretative criteria 
for Gram stain and culture designed to minimize false- 
positive results. Cultures provide a confirmatory diag- 
nosis for patients whose Gram stain findings are 
suggestive of S. pneumoniae. Isolation of the etiologic 
agent is required for antimicrobial susceptibility testing, 
which has become important owing to resistance 
among pneumococci. Cultures, as well as Gram stains, 
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however, should not be overinterpreted. We believe 
that therapy selected according to clinical and epidemio- 
logic evidence is preferable to a directed therapy based 
on spurious microbiological data. 
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Klehsiella priezirrzoriiae has been recognized as a sig- 
nificant pathogen, particularly in pediatric hospitals, 
often causing severe infections [l-31. These organisins 
are often resistant to multiple antibiotics, restricting 
the choice of antibiotic therapy, including p-lactanis, 
through the production of extended-spectrum p- 
lactamases [3-51. Consequently, nosoconiial outbreaks 
of multiresistant K. przerirnorziue have a significant impact 
on clinical practice, morbidity, mortality and costs. 
The gastrointestinal tract is an important noso- 
